INTRODUCTION

Proposed In-Situ Copper Mine Florence, AZ

Aquifer Protection Permit and
Underground Injection Control Permit
Application



Modeling Program

— Goal: To Simulate the Potential Effects of In-Situ
Mining on the Regional Alluvial Aquifer

— Objectives: To Simulate the following

Regional Groundwater Flow Under Natural Conditions
Regional Groundwater Flow Under Extreme Conditions
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Mine Facility Operations

Hydraulic Control of Mine Solutions Within the Facility
Boundary

Mine Block Closure Rinsing
Mine Closure Operations
Post Closure Operations



Groundwater Flow Modeling

— Conceptual Model

— Code Selection

— Model Construction

— Model Calibration— s* -
— Model Sensitivity— .. !




Conceptual Model

— Regional Geologic Environment v |

— Regional Groundwater Regime
— Local Geologic Setting
— Site Specific Groundwater Conditions



Regional Geologic Environment

— Physiography
— Surface Hydrology
— Structure

— Stratigraphy



Model Domain
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Regional Geologic Ma
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Regional Groundwater Regime

TR
Lo y N~k

— Sedimentary Aquifer— . . - ;bofﬂ
— Depth to Groundwater

— Flow Direction and Gradlent 2e-0o88 /e
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— Groundwater Use: "
— Reg{llarge/Dlscharge Relationships
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Local Geologic Setting

— Sedimentary Units
— Crystalline Rock
— Geometry

— Structure
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gram of In-Situ Area
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Generalized Geologic
Cross-Section D-D°

; i i Y —
[ = - c"k . -
RN ! ¢ apd i GO
; PR S PR Bs A by gey IARMESAG  uh e YR I4F LA FYS SR ST iz
T T e |
A e SN S W Sl e Rl 1 Mt et ol o it et o et I
it Ul A i s i Vi A

LM DR AL LA L TE ML L Ll A [ o Y P O N 11 LY
N 1 ED s [ o B R ) VA T L PP T iy

12



Site Specific Groundwater
Conditions

— Depth to Water

— Flow Direction and Gradient
— Hydraulic Conductivities

— Vertical Hydraulic Gradients
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Lower Basin Fill .
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Oxide/Sulfide Zone
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Site Specific Groundwater
Conditions (continued)

— Degree of Interconnection Between Units
— Effects of Structure
— Ore Thickness and Permeability

— Morphology of Oxide/Sediment Contact
and Permeability

— Persistence of Hydraulic Responses During '
Pumping
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Figure 5-1.1 (II)
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Conceptual Hydrologic Components

of Local Setting
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Code Selection
i »?m,.iwﬂ'/w

— Equivalent Porous Media

_ MODFLOW L
£ J e
. F ’(m s

— Path3D sW1E T S
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Equivalent Porous Medium

— Aquifer Testing
* Packer Testing
* Single Well Aquifer Tests
* Regional Aquifer Tests

— 2D or 3D Flow
— Absence of Discrete Fracture Response
— Oxide Represented as Porous Medium
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Model Construction

— Domain - i e jon modis
— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
* Storage Coefficient
* Porosity
* Vertical Conductance
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Model Domain

25

A 10 MILE
RECIONAL |[MONEL DOMA

N, REeE \-m M)

;1

N '
\\\\\\\\\\\\\\\ PR

w%/ T G T ///ﬁmﬁﬂ% %




Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
« Hydraulic Conductivity
* Storage Coefficient
* Porosity
* Vertical Conductance
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Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
» Storage Coefficient
* Porosity
* Vertical Conductance
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Isometric View of Model Layers
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Model Construction

— Domain

— Grnd

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
» Storage Coefficient
* Porosity
* Vertical Conductance

32



October 6, 1996 Measured Water
Level Elevation Contours
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1 415 771 7006 ;710/12

BROWN AND CALDKELL-

2-13-96 . 4:03PM

SENT BY:

zﬁ*’

Ty

Boundary Conditions

— Type 1 - Specified Head

. Constant Head =y * '

— Type 2 - Specified Flow
» Specified Flow or Flux W
}]/ Type 3 - Head-Dependent Flow Boundary

 Flux is Calculated Based on Given Boundary
Head Value
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Boundary Conditions
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Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
* Storage Coefficient
* Porosity
* Vertical Conductance
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October 6, 1996 Measured Water
Level Elevation Contours
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Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
* Storage Coefficient
* Porosity
* Vertical Conductance
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FllrLs

Hydraulic Conductivity
Distribution
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Conductivity Distribution
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Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
e Storage Coefficient
* Porosity
* Vertical Conductance
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Model Construction

— Domain

— Gnd

— Layers

— Boundaries

— Initial Conditions

— Parameter Seclection
* Hydraulic Conductivity
» Storage Coefficient
* Porosity
* Vertical Conductance
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YO BROWN AN LALIMELL -~ 1 415 771 70Uk #12/12
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Specific Storage

i Ba — Previous Aquifer Tests
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Tx1 0'6 to 2.3x1 0"8
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At 1x10°6
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Model Construction

— Domain

— Grnid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
» Storage Coefficient
* Porosity
« Vertical Conductance
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Values of Porosity for Various
Geologic Materia
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Model Construction

— Domain

— Grid

— Layers

— Boundaries

— Initial Conditions

— Parameter Selection
* Hydraulic Conductivity
» Storage Coefficient
* Porosity
* Vertical Conductance

45



Q’ Vfﬁ ' ars "

&

5

)

A
..S

j

g—

*‘”“Vertlcal Conductance

Ae = b j i N T :
7 s D _ N i RN o
e 7T ; | N

4 ) -

Single
Geohydrologic
Umnit

AN

>.-'/_.\. Zk 11,/2
Vi

A /
e
/ |
Ronrdary v '
botwoeoar —- --—————----——-—---[ C e -.i L
madel layers .
% P P

46



Model Calibration

— Purpose of Calibration
— Regional Calibration
— Local Calibration
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Model Calibration

— Purpose of Calibration
— Regional Calibration
— Local Calibration
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Model Calibration

— Purpose of Calibration
— Regional Calibration
— Local Calibration
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Simulated and Measured Water
Level Contours

A

~ PROPOSED IN-SITU

580. —- ——__ __ MINE AREA

p . - o N
VAt — ~ j

! | ~ \ \
R / / fI)
R o
e \_ ’/' -7 . '\?

N A A
PN ' g ) 7 d
P 7 s

i . /‘f(’-k_) / ~ .
T N Y . g .
NN N
""\*‘- k-?,r -
N N !_')\ el -
[ S - T
i [ //l |

=

[
[
Ty

50



Scatter Plot of Simulated versus
Measured WL Elevations
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Model Calibration

— Purpose of Calibration
— Regional Calibration
— Local Calibration
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Maximum Drawdown in Well WW—3
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Conductivity Distribution
Layer
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Conductivity Distribution
Layer

Ko = 0.3
KSUL = 0.3
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Model Sensitivity

— Objective: To Assess Which Parameters Have
the Greatest Influence On Simulation Results

— Parameters:

* Storage Parameters

* Boundary Conditions

* Hydraulic Conductivity
* River Bed Conductance

— Conclusion: Insensitive to All Parameters
Except Riverbed Conductance
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Model Sensitivity

— Objective: To Assess Which Parameters Have
the Greatest Influence On Simulation Results

— Parameters:
* Storage Parameters
* Boundary Conditions
« Hydraulic Conductivity
» River Bed Conductance

— Conclusion: Insensitive to All Parameters
- Except Riverbed Conductance
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In-Situ Mine Operations

— Injection and Recovery
~ Water balance
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[sometric View of Model Layers
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Example Injection and Recovery
Well Pattern

X X X X %
o O 0O 0
X X Q@ & & X
x 8 @ & & x X o INJECTION WELL
O@O@O (0] O@O
x
02080888, % x PERIMETER RECOVERY WELL
X X X @ ® %X x
Q @] O
x 8 @ x ® INTERIOR RECOVERY WELL
O (o]
X & & X
o O o0
XX X X
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In-Situ Mine Operations

— Injection and Recovery
— Water balance
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Well Pumping Strateg_y

Balanced Pumping Net Out
1.25 2.50 2.50 1.25 ‘ 1.56 3.13 313 1.56
X X X X X X X X
o ® o ® ® ®
1,25 3.75 2.50 1.56 4.69 3.13
b 4 X X b4 X X X b4
® ° ® ° ® ) ® ®
2.50 3.75 1.25 3.13 4.69 1.56
X X X X X X X X X X
® ® ® ® ® [
1.25 3.75 3.75 1.25 1.56 4.69 4.69 1.56
X x X X X X X X
® ®
1.25 1.25 1.56 1.56
X x p 4

Total Injection = 55 gpm Total Injection = 55 gpm
Total Recovery = 55 gpm Total Recovery = 63.75 gpm

Total Recovery = Total Injection Total Recovery = Total Injection + 15.9%

® Interior Recovery Well ( 5 gpm )
X Interior Injection Well ( 5 gpm )

X  Perimeter Recovery Well ( Variable Pumping Rate )
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Simulation of Mine Block
- Operations

— Base Simulation
* Example Mine Block
* Demonstration of Hydraulic Control
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Distribution of Injection and
Recovery Wells in Layer 3
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UTM North
(Feet)

Distribution of Injection and
Recovery Wells in Layer 5
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Hydraulic Control During In-Situ
Mining

— Withdrawal Rate > Injection Rate
— Perimeter Recovery Wells
— Particle Tracking

e Initial Location

* Track Particles from Injection to Extraction
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Particle Tracking

Layer 3
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icle Tracking

Part

Layer 5
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Base Simulation - Layer 7

MUDELING SCENARIO:  Base Simulation
Regional Stresses, Block 10
Operation after Three Years

eyl 7: Elevation 300-700 Feet Above MSL
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Isometric View of Hydraulic
Control




Extreme Simulations

— Increased Groundwater Withdrawal
* 2x Irrigation Pumping
— Increased Groundwater Recharge

* (Gila River Flow for One Year

— Extreme Geologic Conditions
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Extreme Geologic Conditions
(continued)

— Layer 5 Conductivity 10x
— Layer 5 - North-South Anisotropy
— Layer 5 - East-West Anisotropy
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Results and Conclusions

— Hydraulic Control Was Achieved in Normal

Conditions

— Hydraulic Control Was Achieved in
Extreme Conditions

— Outtlow Rates > Inflow Rates + Regional
Flow

— Final Outflow Rate Will Be Based On Mine
Design

— Operation Monitoring Will Demonstrate
Control
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Simulation of Closure

— Block Washing

— Hydraulic Control During Closure

— Simulation of Closure
* Particle Tracking
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Simulation of Post-Closure

— No Hazardous Compounds

— Rinse Block to 750 ppm Sulfate

— Simulation of Post Closure
* All Oxide at 750 ppm Sulfate
* Normal Flow Condition
* Simulation for 30 years
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Chemical Transport Parameters

Table 4.5-1. Summary of Chemical Transport Parameters

Initial Concentration 750 ppm
Simulation Time 30 years
Effective Porosity
UBFU 0.2
LBFU 0.1
Oxide 0.02
Sulfide 0.002
Dispersivity
Longitudinal 10 feet
Horizontal Transverse I foot
Longitudinal Transverse | foot
Bulk Density
UBFU 1.6 g/cm®
LBFU 2.5 g/em’
Oxide 2.6 g/em’
Sulfide 2.6 g/em’

Distribution Coefficient (K,)

1.5, 0.15cm’/g

Molecular Diffusion Coefficient

0 ft'/day

Sorption Isotherm

Linear

Notes;

UBFU: Upper Basin Fill Unit
LBFU: Lower Basin Fill Unit
cm3/g - cubic centimeters per gram
ﬁJIday - cubic feet per day

g/fcm’ - grams per cubic centimeter
ppm - parts per million
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Attenuation Coefficient

Mass of solute on the solid phase per unit mass of solid phase

K, = : . -
d Concentration of solute in solution

= (C;-C)/C,*V /M

Where for each individual element,

C; - concentration in the starting “STOCK” soulution (mg/])

C. - concentration in the solution at the end of a cycle or pass (mg/l)

V- volume of the starting solution in the first cycle of the sequential batch tests (ml), or
- volume of the solution at the start of the column test (ml)

M - total mass of rock contacted during the batch or column tests (grams).
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Sulfate Concentration - Kd =

0.15

PROPOSED IN-SITU
MINE AREA

172 MILE EXEMPTION BOUNDARY ﬁ;‘

SIMULATION PARAMETERS

INITIAL CONCENTRATION = 750 PPM
SIMULATION TIME = 30 YEARS

K,=0.15 cmlg

LONGITUDINAL DISPERSIVITY =10 FEET

HORIZONTAL DISPERSIVITY =1 FEET
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Sulfate Concentration - Kd=1.5

PROPOSED IN-SITU
MINE AREA

— o emms  w—— a— —

172 MILE EXEMPTICON BOUNDARY —f

SIMULATION PARAMETERS

INITIAL CONCENTRATION = 750 PPM
SIMULATION TIME = 30 YEARS

K, =15’

LONGITUDINAL DISPERSIVITY = 10 FEET

HORIZONTAL DISPERSIVITY = 1 FEET
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Proposed POC Wells
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